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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a non-oriented 
electrical steel sheet combining excellent magnetic 
properties and high strength. 

SOLUTION: The steel sheet has a composition consisting 



of ^0.02% C, ^4.5% Si, ^3.0% Mn, ^3.0% 
Al, =i0.50% P, ^5.0% Ni, 0.2 to 4.0% Cu, and the balance 
Fe with inevitable impurities. Further, yield stress is 
made to a value not lower than CYS(MPa) represented by 
the equation: 

CYS=180+5600[%C]+95[%Si]+50[%Mn]+37[%AI]+435[% 
P]+25[%Ni]+22d" 1/2 , where d is the average grain size 
(mm) of crystal grains. 
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[fSftft] C : 0.02%£LT\ Si : 4.5%J1T, Mn : 3.0% BIT, Al : 3.0% £IT, P:0 
.50% GIT, Ni : 5.0% £ th'Cu l 0.2%tl±4.0%fliTitt L > m.UFe& £ V^alM 

L , ttffcfc* *TIB5£-e^ $ *i*CYS (MPa) vx±.t-fz> 0 

e 

CYS= 180 + 5600 [%C] +95 [%Si] +50 t%Mn] +37 [%A1] 
+ 435 [%P] +25 [%Ni] +22d" 1/2 
fctffL, d : IS B B B S0T^«SS (mm) 
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I ft * m 1 1 

K * % T , 

C : 0.02% BIT, 

Si : 4 . 5 % £1 T , 

Mn : 3.0% HT, 

Al : 3.0% AT, 

P : 0. 50% KJLT , 

Ni:5.0%£JLTiJ«ty f 

Cu : 0. 2% JtJJL ±4. 0% m T 
* # * L , 5$ Fe£ «fc £f T W S W T *E O ft 53- a. ft e> £ i) % P£ {fc Id # tS* T IB T- ^ $ ft 
&CYS (MPa) £JL±-e**Ci«r»«t-r4«E^1*ttO«ft^JS5SJS*^|aitt«J8il«o 

IB 

CYS= 180 + 5600 [%C] +95 [%Si] +50 [ % Mn] +37 [%A1] 
+ 435 [%P] +25 [%Ni] +22d" 1/2 
tztzL. d : Itie^f l^Si ( mm) 
I m * £ 2 ] 
S i % t\ 
c : 0. 02% £JL T > 
Si : 4 . 5 % Jy. T , 
Mn : 3. 0% T , 
Al : 3. 0% ALT, 
p : 0.50% £1T, 
Ni : 5.0% ttTiiV 
Cu : 0.2% £JL±4. 0% m T 
^r-tt L> ?£SBFei3 «fc 0* * UT » W * <* & O ft & ft ri» h & *) , H * K 0 . 2 - 2 . Ovo 1 % CD Cu 
flf tU m * * L , m Cu*ff & 4fe O ¥ S ** l ~ 20nm-e * -5 i t *!fc«fc-*-*igj!l#teOflE*Lfc 

[ is * m 3 ] 

31 1 * tz l± 2 U j3 V> T , ftfrifcft i It, $ f> ICZr, V , Sb, Sn, Ge, B , Ca, sffir 

± a 7c ?n i if cofr h m ^ £ l m t tz it 2 « m _h £ , s * % -e , 

Zr i5 i V s V Cov>t lifn-f fL0.1~3.0%, 

Sb, SniS J: tfGeU o v> T It * ix ?n0. 002- 0. 5% , 

B, Cai3 J: IF ^±«7C * U o v> X it * ti -p ft 0. 001- 0. 01% , fit 

CotC ov>T (±0.2-5.0% 

[it** 4 ] 
R a % -e , 

c : 0.02% W.T, 

Si : 4 . 5 % J£JL T , 

Mn : 3 . 0 % m T , 

Al : 3.0% JSJLT, 

P : 0.50% WT, 

Ni:5.0%£lTi3«fca f 

Cu : 0.2% ^±4.0% 

f i u ^v>t* (Cue $as + lor ) a± k l * ?£, cub ?#z&jg <b 4oo*c * -e * 10 
t/sja±wist itsii-*tt±«i*6*ifiu, o ^4oor ^±65013 ttTwasct^a^ 
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5 i % t* , - 

C : 0. 02% feJLT , 

Si : 4 . 5 % £L T , 

Mn : 3.0% VX T , 

Al : 3.0% \-ir , 

P : 0. 50% BIT, 

Ni : 5. 0% KT £ «fc c7 

Cu : 0.2% Ja_h4.0% J2HT 

$t>UZr, V, Sb, Sru Ge, B, Ca, * ± £ 7C * is J: CotJ* <b » A' fc* 1 « i rt: 14 
2 « JBL _t * , 10 
Zr.fc J: V 1 V (- ov>tlif ft -PftO. 1-3.0%, 
Sb, SnJ3 4 tfGeU o v» T (4 -f- ft -TftO. 002- 0. 5% , 

B, Ca& J: U f *±a7C« U o v> T (4 -£ ft ft 0. 001- 0. 01% , f LT 
CotC o v> T (4 0. 2-5.0% 

«f}: L, &v>T- (CuHSSa + lOt;) XSJL i: i» L & > Cu@ mm.St <b 400*0 4 T- £ 1 

or /s» ± <o 3 js -e $ ±n 1- & ft ± & #e * m l , *■ <t> & 4oo*c & ji 650t; a t <r> a s u t b# ^ 
[ % «jj o » m & st w ] 

[ & # » ] 20 
[ 0 0 0 1 ] 

* * w i± , *^ifi]tt*m§iis, & iz-&m®&* - ? & u - ? & $imm t -r z , * # & is 

tl s>» 4 SB p D n U M ^ X U m 4 > *^JS-T3&>oiB:fifeaoJRFtt«r*-r**E^|6ltt«lKil«* 

i if-eoifijt^ffi^iai-A <> <o t * * o 

[ftSf] 
[ 0 0 0 2 ] 

a«iE^Sfflffltfi»JA±-eflsjfiiaK*lfd*--^7i I *iS!JL'rv»4 0 c: o 4 o ^ ^ is m *s 

!f it-M-li, £ & 0 $k » xf# 4 o - ? 7^ g tc & 4 0 fc> *> , IU |5 ft: K ft ffl -f 4 

jt'tJliHE*gi:ik«L, !!(Ei£j£<o2*Uifc0IIL-C*£ < £ 4 * , * • * 12 co its i$ 30 

* - ^ -C l± n - ^ ft ffl 4 I& * 600MPa * SB x. 4 » <> * 4 o tot, i o L ?ft & El 
gt-nii, n - * co 3fc JS /S ? i§5 v^c 

[ 0 0 0 3 ] 

ffi IS a DC 4 > /< - * ©J « * - * -C 14 , it <t-Jj X a - * frb m H rt s jft V & ■€■ 9 t -r 4 rf> ? , i 
ft £ £P x. 4 m I- , n-*uf£ffl£ftfc^&§»&KI4*#£;&75*#^4 0 i ff) tz nb 6 % * 
- 9 , #t=n-^uaffl§ft4m58«l1RUI±» « ?i JS jJ 1 £< 51 t $ ft X ^ 4 0 
[ 0 0 0 4 ] 

* - * , l&*«*fOEl<E««l±. «58i$Clll«**iJffl-t-4^*!>. -?-<7)**t(4^^:#14(c 
BftTv>t;i, i-^^*»ffi:^ffl, S8$«|t-iJ;i!) s liU>. a # , d-^^t 40 

* - ? mtftftftomtt&mtmiix- z z ^®&i±^ ± *> ft&mnmmmn - ? * z tat. 

-^twftffl^4U7^^»t0ftfft4*«&«^»cJ:4«*a*jft*«i8ff««*»«Ufcn 

ft, o at m *> mmss c ?5 s o - 9 m m tt t Ltii?ftt^^(of*^o 

[ 0 0 0 5 ] 

6 jk ^ w (4 , n » is f t ^ ¥ a t l t , a m sa f k > *f m » f t a <t tr is s & m. m \ t <r> 3 o 

co^ffi^a^ftT^*), « «E IS * I- m L «| <> S «b ft 4 o <3x.lf, S v# 5A f t i f U ffl L 

i<ot l r (4. f^5:m 1 u , si-g-^a «• 3. 5- 7.0% ^ a * -9 x. \z m m&it at <r> -x § v> 50 
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%m z^tia-t'Z Km ^gg m $ n r v> & „ s^, $ it * k 2 t= a , si-ir*a * 2.0- 3.5% t 

L- , Ni*l>v>l±NitMn<OS^<Dtti^S*!)- 650- 850^ t^oteffl&ftClJ: ")8St4 
C t T- W & B B B & g £ M W -T h -H ft 7> r M tk £ i\ X v» 4 „ ?f>C, *fffi»ffc*fijflj-f.&:#ftfc 
LTIi, # I* £ flR 3 U , Sift f ^2.0-4.0%t L, Nb, Zr, Ti, VO«fflft&ft». £ 
jt«5«r*fm$-^-S*'ft7i ? g§^$n-Cv^ 0 

[ftltilttl] # M BS 60- 23842 H*&# 

[ # fF jt BR 2 ] # PR BS 62- 

[4*B=S:iK3l # US ¥ 6 - 330255-^- 

IftW^SftU 5 itiill 
[ 0 0 0 6 ] 

i it <b <r> -ft ft tc «t v) , h z> h i\ z> 0 LfrLZtfb, 

1$ If X ^ 1 C IE 3R $ ft * «t o * S i fi tJ* £ v> fpj -e (± , * |B) E ® 14 ** * L < 1& T L > £ Se tt * 

t5 ? 1.56-1. 60 Tt^tSCfiTLTLS t ttMKSUofc. 
[ 0 0 0 7 ] 

# fF £ i#t 2 tc js it * ft T- !i , « «ft 5S * * A 4 fc * 1g S ft ft K i z, W H B B #4 j£ * <t> «i 
M t ft 4 fc , 4#UtttKW)l«[»Oftv»iSffl««3gt^c>SclOOHz-CO^ 

« A s ITtUi>i Tp^ JH jJ« o fc o 
[ 0 0 0 8 ] 

- # > #i^icK3icK«^^ft-ei±. ^ , ftft»gft#'fttt&8ft«>i*ftfc&&£ie>. * 

& ft » ?>« « SS HI « <7? |S & & ®l ft 4- if 4 * % ft « tc # 4 t v> -9 Pal JH * 4 „ 
[ 0 0 0 9 ] 

ukoitc, ^*<7)^ft(±, *5e»t=iiitfeasT>r*6*««<PJ*u*^r, a Bust is 

ft jf t * W 21 1" 4 t v^t gg jft h it . ^■ftii>ffi%.T&2> tfltlJIi'oto 
[0010] 

[0011] 

fe 91 # h l± , ± IE ft ffl £ JS ft "T & *6 C Cu£^/i§fi<^B#^®lb3i$llc*BLTtt* 
Ofcffrfcfrofctt*, iii. fcP ft ft » t iS5 5iS K i *M2li-4^*o¥R4rlljl:i-*t:aio^:o 
i" ft t> % , fP|tfO*fUJi»tt5«ei«'fbt-*#-t-4-^, »K»l*«r«lilliJLTfta (IMS) 
t*ftS*4fcv»7, «oj!ili:RLt, I«t»i:Cuili*liiLTl»»»itff9 it 
(C i (? , jfe, g 20nmJ£l T^S^^ftCu^^l — tl*rm$-^4 d t BT Ife T i> Z> d t , L 

t , :utfi^tfiMlfiiil!tt> » 5* * fb u # # u * 3& -e * a a* . ft ft (IBS) 

[0012] 

( 1 ) s s % -c > 
c : 0.02% ai, 

Si : 4.5%flT, 

Mn : 3. 0% T , 

Al I 3.0% W. T , 

P : 0. 50% KT , 

Ni : 5.0%J£lTiJ J: V s 

Cu : 0.2% iil±4.0% 

£ CYS ( MPa) Jtt±t?**dt*#«ti-S58«1fttO«<tfcWaaEft^l^tt«i8ilI«o 
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IE 

CYS= 180 + 5600 [%C] +95 [%Si] +50 [ % Mn] +37 [%A1] 
+ 435 [%P] +25 [%Ni] + 22d' 1/2 
fzfzL, d : ^ B B a |i<7)¥^*2@ (mm) 
[0013] 

( 2 ) s * % -e , 

C : 0.02% HT, 

Si : 4.5% JSJL T , 

Mn : 3.0% KT, 

Al : 3.0% »T, 

P : 0.50% JSHT > 

Ni : 5.0% tlTiitf 

Cu : 0. 2% tl±4. 0% HT 

»»Feii j: if^praw^it^oia&jaift^ib « »j , $1 + i- o. 2- 2. o vo i% ocu 
w ta ®) i * l > m cu*f m ^ <r> w- @ a* 1 - 20™-? $>z> z. t £#ifcti-*isifc#i±<7>®n£: 

[0014] 

( 3 ) ±K ( 1 ) i 14 ( 2 ) i:^v>T, S^-a^i Lt , $ h CZr> V , Sb, Sn, Ge, 
B , Ca, * ± « 7C * is J: CojJ* » A, £ 1 « * (4 2 11 W ± * , fi%t\ 
Zr j3 tlTVICOV^Ii-f il ?n0. 1-3.0%, 
Sb, Sni3 4 ^Gel- ov>tlHii ■€* ft 0. 002 - 0. 5% > 

b, caij j; iF%;±m7tm \z o ^ r 14 n *rtio. 001- o. 01% , {-u 

CoU o v> T 14 0. 2- 5.0% 
[0015] 

( 4 ) ii%-e, 
c : 0. 02% ut, 
Si : 4. 5% Jin T , 
Mn : 3. 0% &. T , 
Al : 3. 0% Ja. T , 
p : 0. 50% ttT , 
Ni : 5.0%JAT^iO ! ' 
Cu : 0.2%ai4.0%fiT 

Hi L, ^^"C (CuH mi&m + 10*0 Bl± t: ijn& L ft , CuI^SK^ ib400t: * -c £ 10 

r/sjei ±0 iss X- <t*P -t ^tt±^$ifi^iSL, * <n & 4001c vx -t65ot; ttToisct^SiJi 

[0016] 

( 5 ) st%f. 
c : 0. 02% w. t , 

Si : 4 . 5 % iik T , 

Mn : 3. 0% Jil T > 

Al : 3.0% Jil T , 

P : 0.50% E1T, 

Ni : 5.0% £JlTi3 i 

Cu : 0.2% &±4.0% tlT 

? "bt:Zr, V, Sb, Sn, Ge. B, Ca, *±^7C * i3 J: V Cori* c> « A, rtf 1 i 14 

ZriJ ilFVCov^tli-f n f* no. 1-3.0%, 

Sb, Sni5 4 If Get- o v> T (4 tv -P ft 0. 002- 0. 5% , 
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B, Caio .fc'O* # ± « 7t S? U o V> T (i -f ft fftO. 001- 0. 01% , tLT 
Cot- ov> t liO.2-5. 0% 

Sli L, ^^-p (Cu@ i#?SJ£ + 10r ) EL± K Jd» L tz & > CuB ?g iS Jg e> 400*0 i X 10 

t/8tt±«as-e^9t4tt±«**itL, * <r> m 40ot; u ± 650 t £i t o it ge t- r n# m «l 

[0017] 

* £ 9! K ± ft If . i& ^ # 14 (- ® ft , L*()*v»»*«r#-*-*«aai*«r*3eLT«tti- 

i> z t x £ z, o 10 

[0018] 

( m m <d & » a a ) 

ft -f % (i , # ic i *> <b * v» m <0 K * % * * * -f z> i> <?> x *> & o 

C : 0. 02% 121 T 

C £ W 0 . 02 % * m x 4 t ^ % B# » iz <t 0 f£ fi ?!> ? IF L < % \t~t 2> tz sb ^ 0. 02 % J£l T U M Pfi 

[0019] 20 

Si : 4 . 5 % Ja T 

«ts»*^^>, Hi:, b -it at ft K «t 0 Si R IfiJ ± t= * ^ -r 4 o 8& ft JW t L r l± > 0. 

05% nit as^if t^5„ ftaia^isaifbwfc*!)!: 1*0.5%, «f m \z it i . 2% n ± 

T-^f J^Jo L * L , 4.5%J|xSi, fl^<aj±^14<7>#ft75 ? $:L<&&*:<6, % <D 
ttili4.5% ftTKIHRti. 

[ 0 0 2 0 ] 
Mn : 3.0% fell T 

Mn(± , B&5MfcKJ:*»£ft±i::*»frx*^*4£i:Kj||;l. ft W St 14 O & «F 1= * 3b 
4 7C * X Z> <0 , # S L < li 0. 05% JflL ± -C # * 3 -fr 4 0 L L , ifi *J & j£ *P li ft $R O # ft £ 30 
*O-&**Sr3.0%J^Ttc«Ri--5o 

[ 0 0 2 1 ] 

Al : 3. 0% £L T 

AMI , IKf t Utif »U( ti0.5ppmJil±T--g-* £ £ o L ^ L , iiflj & 

ffi m li JE 5£ 14 <7> {£ T * i> tz h 1" O X , O Sn S £ 3. 0% & T U »J IS f o 
[ 0 0 2 2 ] 
P : 0. 50% J21T 

Pli, ft tfc W ^ * <r> m M X i> ± m 4 B i# SI ft s£ * f » <b ft & <6 A & JR ft U « ft X * ft T* 
* ») . ftf * L < (i 0. 01 % Jil ± X ^ * $ ^. o > ig m % ^ * J± % m \z t Z> ffi. ft i 51 & 
L , ft^BE5i14w1g:T £ e> i" tz tb , ■€■ O II 0. 50% J£JL T \z U\ PS i" h 0 40 

[ 0 0 2 3 ] 
Ni : 5. 0% VX T 

NM±, H*»1b«:J:4K»lSfl:i:*»iS:jc*-C*»), fiF i L < li 0. 1 % J£l ± "C S 
4 o 4 -tffc ^ > Ni *Cut t <> IC j^SPf * t , # UCuW tli O B#^#m ffi <7) Aft ^Mfiit L ^ 

-r v> s s i m o « iz a v> t , cu#f mwKvm.jzitwfflizttomistmL. mm it 

Zm&tfn *? -f < 4 4 7i> h X h h o L4»L*5.0%*JBA.££« f 0»*llfiifD L = X F 

«r i ft < «t tc 4 * £ * , ^ <D ± m * 5. 0% t -t %> o 
[ 0 0 2 4 ] 
Cu : 0. 2% tl±4. 0% 

Cul± , SttiHIi:ioTMi*faiftJffts;ii:j: ^ ft « (IM) co#ft£ 50 
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ii t A, t-# to If IZ , *<Sfc3!iJK±#«r«>*:<->-ro Clf, CuCO ?i in * L T 0. 2% & X £ 
5S « L & v £ , tatS^aaiCiS^tRlriElW Cu#r W!»7>*»f>n4<'Sr4jt*, CuCO 

jg m » i± o. 2% a ± t + * o - 7? , cuco m m m tsm. o% * @ *. & t , {ft as -t & m % & s i= a 

^ T Cu*f m®)<D¥#)& A* 20nm 4 i@ x_ T ffi ft L , & « co # ft & ± £ < * * t t <> K , 3ft JS 
X#ft6ffi:T1-£o fiEoT, CuCO-&*4li0.2% JflL X4.0%J£ilT\ » jg (- (± 0 . 5 % £L ± 2 . 0 % 

[ 0 0 2 5 J 

±ie7c*<7)tife(±, Fe ( m ) # .* *r » w * *m& * a „ x^&m^®.'®) t lx <d s & 
z xf n ii , & tit co ii jft #> c> -e- n -r n o. 01 % w t t -r *> z t w m t u\ 

[ 0 0 2 6 ] 

# #§ *> zmJjft&mmmfc<7)&*®.fci*i*±<r>M *) -e * & a* . ± IE j£ 55- k an x. -c 

» ffi^ffttOKiSfi: LTftiifliZr, V, Sb, Sn, Ge, B, Ca, # ± M 7V St 4 t>* Co 

s-jmui^att^ -e m m -t z> c t m * & „ l ^ l , f osnniii*#wroiws-t?4: 

^SSCt^lTiio * flc W tc li , 
Zr£ 4 V s V (* ov>tlJ 0.1-3.0%, 
Sb, Sni3 4 Z/GetC ov>t (i 0. 002— 0.5% , 
B , Ca£ 4 LK # X It 7C Sf K o v> T li 0. 001 - 0. 01% , 
ColC oi<>t li 0. 2- 5. 0% 

[ 0 0 2 7 1 

(it«tt« JRFtttt) 

& *? *> iB tfUCO. 2- 2. 0vol% CuW tB £ *T U , !£Cu#f ft 4& CO ¥ fi 5& f 1 - 20nm"e $> h Z. 

s -r , m «t» co cu*f tu » co s o. 2vo i % * m -c ti , *f tti ?ft ft co tb \z & m % *f m * n 

biltn^tzib , 0. 2vol % Jt^JL ± ^ £.5fiS 0 

- 77 cu# aj!»o*A t 2.ovoi%*iax*t, R^f^waiftisi±74 s ^-f*-r^?t^^i^t <o 

% *f m % co ¥ +4J -9- X^ffi^fb L Jl#£#* i t L < 4 ^> * , 2.0vol 

% HTi:ti. 
[ 0 0 2 8 ] 

s , cum m trii > « m -e ^ n if a 5ft k it i- » -r * 75 s , * * k js it «& c u #f m « co w- 

#) S tJ s 1 nm* M T (i > !ftKO±#Sft** t fi5fti't&±, SUEti Cu^f ttS m S co ilfl ^ K is v> T 

1 nm* m co tR /h m co # 5e ^ ? « t < , ^ «t ^ * {K ts sb u » p°p m. m * * a ■t m t= i w * * 

i-»-&<>**fc*x » t= X * ^ « O t» jS c> 14 ¥ S * 1 nmJJJL ± i" * „ -7J, Cu*f ffi «J 
CO ¥ g 7i J 20nm JgiU, « illtft U » 4 L 4 < 44±, icJS^^Ib$-ti-^-i:IC=fc^ 
o L A s o T , ft«Sr*ft?*f i:, A 3ft SE ffc U «F # + ^> 1 - 20nmCO ¥^SCO^«H*fai^ 

[ 0 0 2 9 ] 

£ - -e , m * co cu*f ffi « co * li , &&<d ft® %Lm&<r> mm.fr bmi&Ltz¥t.ni~^^x . 
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